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(57) Abstract: EmbcKlimenL of the pre.sent invention includes a wafer 
carrier buffer (10) for slortige of a plurality of ciirriers contiiining wafers 
cither waiting to he twken for ])rocessing in nn a(lj;«ccnt waibr processing 
system, or waiting to be taken from the buffer foilowing the processing. 
The bufler (10) has a sliding carrier first input apparatus for taking a car- 
rier from outside the buffer though a buffer input door and inlu the butfer 
interior. A buffer controller (50) is included for directing robotic ai^pa- 
nitus (44) to take the carrier from the input apparatus and place it on a 
selected one of a plurality of catricr storage locations, and Irom a carrier 
storage location lo a first output iwdeli\'er of wafers to processing- The 
robotic apparatus (44) also delivers an empty carrier lo a second input 
apparatus for receiving wafers ixom the processing area, and for delivery 
of a carrier with processed wafers to a second sliding output apparatus 
for removal from tlie buffer througli a bufler output door. The controller 
(50) is programmed to direct an sutomalic calibration ol'all of the carrier 
storage locations and the input and output positions. The robotic appa- 
ratus (44) includes a sensor for detecting the position of a flange on a 
calibration fixture that placed by the robot at a carrier storage loca- 
tion. The flange is accurately posidoncd on the fixture to correspond to 
a similar flange on each carrier tliat is used to engage witli a tool on the 
robotic apparatus fur moving the carrier. The calibration is preferably 
done by directing the robotic apparatus to place the calibration fjxtnre 
at a location in need to calibraliom and then sensing the precise position 
of the fixture flange with the sensor apparatus. The controller (50) then 
calculates the coordinates required to place a carrier accurately in that 
location. Tliis process is repeated for each carrier storage location and 
the input and output locations. 
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SELF TEACHING ROBOTIC CARRIER HANDLING SYSTEM 

5 BACKGROUND OF THE INVENTION 

The present application is a continuation-in-part of U-S. Patent Applications Serial 
Numbers 09/270,261 filed March 15, 1999, and 09/524,025 filed March 13, 2000, and 
09/564,300 filed May 3, 2000, 

10 

Field of the Invention 

The present invention relates to buffer apparatus for storing carriers for holding 
wafers before and after input and output from a wafer processing area, and more specifically 
to a buffer incorporating a self teaching robotic system for moving the wafer carriers in the 
15 buffer. 

Description of the Prior Art 

In fabricating semiconductors, silicon wafers need to be stored in buffer facilities at 
various stages, such as before and after process steps. Due to the need for clean room 

20 standards in the buffer facility, the wafer carriers, boxes, pods or boats - collectively called 
carriers are preferably moved with robots in order to avoid possible contamination and to 
achieve the efficiency of automation. Each carrier must be picked up fi:om an input position, 
placed on a shelf in a storage location, and then later moved to a platform for transfer of 
wafers into a processing area. The coordinates of the shelf or platform must be precisely 

25 known in order for processing robotics to be conveniently programmed to safely move the 
carrier. Due to the large dimensions of a buffer/storage area, it is not practical to hold either 
the absolute or relative carrier locations to the tolerances required by the robot. Neither is it 
usually practical to hold the robot tolerances required for accurate picking and placing 

In order to assure the close tolerances required, the controller of the robotic element 

30 must be reprogrammed or '*re-taught" new location data whenever a component is changed, 
or upon initial setup or when restarted. The term "teach*' or "teaching" will be used to 
describe the process of gathering and entering component/structural location data into the 
system controller. Due to the need to tninimize contaminants in the semiconductor 
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processing environinent, most robotic systems are installed in enclosiures for control of the 
atmosphere. In prior art systems, it is generally necessary for a technician to enter the 
enclosure to position the robot while performing the teaching/calibration operations. These 
entries can contaminate the clean enclosure. In addition, the cramped, confined enclosure 
5 with moving robot parts presents a significant safety problem for the teclmiciaiL Th^ manual 
and awkward process is also time consuming and costly, and an inherently subjective process 
that relies upon the judgment and skill of the technician. For example, using conventional 
controls, a robot is installed and taught by jogging the robot around and, at each process 
station, the wafer placement locations are recorded with a teach pendant. Besides consuming 

10 many hours, this manual procedure introduces subjectivity and thus a significant possibility 
for errors. This creates a problem of reproducibility. Whenever a wafer carrier is not 
perfectly positioned within specification or a machine component wears, settles or 
malfunctions and requires replacement, the robot must be re-taught because it cannot 
automatically adapt to such variations. If the robot is not re-taught properly within close 

15 tolerances, serious damage or loss of expensive wafers can result. 

It is clear- from the above description of the prior art that an improved system for 
handling wafer carriers is needed to eliminate the requirement of an operator entering the 
buffer enclosure environment for calibration/teaching operations. 

20 SUMMARY 

It is therefore an object of the present invention to provide a robotic wafer carrier 
buffer system that avoids the need for an operator to enter the buffer enclosmre for 
teaching/calibration of the system. 
25 It is a further object of the present invention to provide a robotic wafer carrier buffer 

system that is capable of self calibration. 

It is a still finlher object of the present invention to provide a robotic wafer carrier 
buffer system that eliminates enclosure contamination fi-om operator intervention during 
system teaching operations. 
30 It is another object of the present invention to provide a robotic wafer carrier buffer 

system that minimizes the time required for system teaching. 

Briefly, a preferred embodiment of the present invention includes a wafer carrier 
buffer for storage of a plurality of carriers containing wafers either waiting to be taken for 

2 
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processing in an adj acent wafer processing system, or waiting to be taken from the buffer 
following the processing. The buffer has two load ports for taking a carrier fioni outside the 
buffer through a buffer input door and into the buffer interior. A buffer controller is included 
for directing robotic apparatus to take the carrier from the input load port and place it on a 
5 selected one of a plurality of carrier storage locations, and from a carrier storage location to a 
tool access door for delivery of wafers to processing. The robotic apparatus also delivers an 
empty earner to a second tool access door for receiving wafers from the processing area, and 
for delivery of a carrier with processed wafers to a second buffer load port for removal from 
the buffer through a buffer door. The controller is programmed to direct an automatic 

1 0 calibration of all of the carrier storage locations, the tool access ports and the two load port 
positions. The robotic apparatus includes a sensor for detecting the position of a flange on a 
calibration fixture that is placed by the robot at a carrier storage locatioa The flange is 
accurately positioned on the fixture to correspond to a similar flange on each carrier tliat is 
used to engage with a tool on the robotic apparatus for moving the carrier. The calibration is 

1 5 preferably done by directing the robotic apparatus to place the calibration fixture at a location 
in need of calibration and then sensing the precise position of the fixture flange with the 
sensor apparatus. The controller then calculates the coordinates required to place a carrier 
accurately in that location. This process is repeated for each carrier storage location, the tool 
access ports and the two load port locations. 

20 

IN THE DRAWING 



Fig, la is a pictorial view of a robotically operated buffer; 
Fig. lb illustrates a wafer carrier; 
25 Fig. Ic illustrates a calibration fixture; 

Fig. 2 is a flow chart in description of the automatic calibration system of the present 

invention; 

Fig. 3 a is an enlarged view of the robot and calibration fixture; 
Fig, 3b illustrates the mounting of a carrier/fixture on a storage location; 
30 Fig. 4a is a detailed perspective view of the arm and optical detector; 

Fig. 4b is a planar view for illustrating the detection of fixture height during di'op off; 

and 

Fig. 4c is a detailed view illustrating the initial Z calibration. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

5 The preferred embodiment of the self teaching buffer apparatus of the present 

invention will now be described with reference to Fig. la of the drawing. A buffer apparatus 
10 is symboUcally illustrated, and has a housing 12 with four scalable doors including a first 
load access door 14, a first tool access door 16, a second tool access door 18 and a second 
load access door 20. The front wall 22 and left side wall 24 are cut away to more clearly 

10 illustrate the interior components. The first load access door 14 and second load access door 
20 are symbolically noted by dashed lines because they are in the cut away area of the front 
wall 22, The first load access door 14 and second tool access door 18 in the rear wall 26 are 
noted with solid lines. 

The purpose of the buffer 10 is to store wafer carriers, for example as illustrated by 

15 carrier 28 in Fig. lb. The buffer 10 as shown in Fig. la has thirteen storage locations 
including twelve elevated shelves 30 attached to the rear wall 26 and one location 32 on the 
tool load port level. Accordmg to the preferred embodunent of the present invention, twelve 
of the locations are used for storage of wafer carriers, and one of the locations is reserved for 
storage of a calibration fixture 34 illustrated in Fig. Ic, For example, location 32 could be 

20 dedicated for storage of the fixture 34. Two platforms 36 and 38 are used for input and 
output of wafers to and from a wafer processing area (not shown) through doors 16 and 18. 
Two slidable load port platforms (slides) 40 and 42 are mcluded for input and output of wafer 
carriers to aiid fiom the buffer ulterior. 

A robot 44 is mcluded for moving the carriers from a load port slide 40 at position 46 

25 to a selected storage location, and from a storage location to tool access platform 36. The 
robot also places an empty carrier on tool access platform 38 so that wafers can be loaded 
into the carrier from a wafer processing area, and then moves the carrier fi:om the platfomi 38 
to a storage location or to a load port slide 42 in position 48. The robot 44, according to the 
present invention, also moves the calibration fixture 34 from one location to another during 

30 the novel automatic calibration procedure that will be fully described in the following text m 
reference to the figures of the drawing. All of these operations are directed by a programmed 
controller 50. Fig. la also shows a computer screen 51 and keyboard 53 that can optionally 
be included in the apparatus for status monitoring and data/instruction input. Communication 
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with the controller 50 can also be accomplished by remote control The robot 44 includes an 
x-y gantry 52 including two vertical tracks 54 and 56 and a horizontal track 58, The gantry 
52 provides motorized transport of the horizontal track 58 in the vertical (y) direction along 
the vertical tracks 54 and 56, The gantry 52 also includes a motorized module 60 with 
5 facihty for moving along the horizontal track 58 in the x direction. The x, y and z directions 
referred to are defined by the coordinate system illustrated at 62. A horizontal arm 64 is 
slidably attached to the module 60, the module or arm 64 having motorized apparatus for 
moving the arm 64 in the z direction. The ami 64 has an elongated C-shaped tool 66 for 
engagement with a coaresponding mating flange 6S on the calibration fixture 34, and on a 

10 similar flange 70 on each carrier. Each location 30 and 32, slides 40 and 42, and platforms 
36 and 38, has a pluraHty of dowel pins 72. The pins of each location are accurately 
positioned relative to each other. Mating dowel pin features 74 are machined in each carrier 
28 and the fixture 34. The flanges 70 and 68 are also accurately manufactured, as well as the 
carrier structure and fixture structure determining the relative position of the flanges 70 and 

15 68 to the dowel pin features 74. As noted in the discussion of the prior art, the tolerances on 
the positions of the shelves are not accurate enough for precision handling of the carriers, and 
therefore a caUbration routine must be performed to determine their position prior to 
operation of the buffer system. This caUbration routine is performed automatically according 
to the present invention by incorporating a sensor system into the buffer apparatus 10 to 

20 detect a structural feature of each location and output a corresponding signal. The structure 
in the preferred embodiment is the flange 70 with the fixture mounted at the location being 
calibrated. The signals are used by the controller to calculate coordinates to determine where 
to place the tool to properly engage a flange 68 or 70 when the carrier/fixture is in position at 
a location 30, 32, etc. Fig, la shows two optical emitter-detectors 76 and 78 that are used as 

25 sensors. An alternate embodiment of the present invention includes a touch sensor apparatus 
that senses when the arm 64 touches an object. Details of operation of a laser emitter- 
detector are included in U.S. Patent Application Nos. 09/270,261 filed March 15, 1999 and 
09/564,300 filed May 3, 2000, and details of a touch sensor are included in U.S. Patent 
Apphcation No. 09/524,025 filed March 13, 2000. The contents of these appUcations are 

30 included in the present disclosure by reference. 

Referring now to Fig, 2, the controller 50 is programmed (block 80) with the 
approximate coordinates of where a carrier flange 70 or fixture flange 68 would be at each 
location 30, 32, etc. These coordinates are calculated firom design drawings of the buffer, 
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carrier and fixture. Alternatively, the controller can be programmed to calculate the flange 
coordinates from the buffer and carrier dimensions. According to the preferred embodiment 
of the present invention, the calibration fixture 34 is designed with a flange 68 accui*ately 
dimensioned relative to the dowel pin mating features 74 to match the corresponding 
5 dimensions of the carrier 28. The frxture 34 is used in the calibration procedure. 

Although the automatic calibration procedure preferably uses the calibration fixture 
34, any of a variety of structures accurately manufactured relative to the dowel pins or the 
dowel pms themselves can be used, and the dunensions obtained from finding the position of 
the structure can be used to calculate the position of the flange. The calibration procedure 

10 using the fixture, first requires that the fixture be located at position 32 (block 82). The 
controller then directs the robot to place the tool 66 in safe proximity to the fixture flange 68 
(block 84), using the approximate coordinate and known tolerances as a guide. This safe 
proximity is more clearly illustrated in reference to Fig. 3 a. The fixture 34 is shown mounted 
on a base 86 representative of location 32 at this point of the description, but which is 

15 representative of any shelf, platform or slide in the foUowmg detailed description. The 
position of the tool 66 is set by the controller to initially place the emitter- detector 78 above 
the top surface 88 of the flange. As noted above, at this point in the description the 
calibration of the initial position of the fixture is being described. Block 85 describes the 
system keeping record of this event, and smce it is the first time the fijcture is picked up (87)> 

20 the controller then moves the arm 64 down in the negative y direction until the optical beam 
90 reflects off of flie edge of the top surface 88 of the flange 68 and is detected (block 89), 
The controller records this y coordinate as noted in part ''a" of block 92. The controller then 
moves the arm in the X dnection (refer to coordinate system 94 in Fig, 3 a) until the optical 
emitter-detector 76 beam 96 (directed in negative y direction) is reflected off of the vertical 

25 edge/surface 98 of the flange 68, This x coordinate is then recorded as indicated in block 92 
part "b". The controller then calculates a tool 66 position from the dimensions of parts "a" 
and "b" for optimum engagement with the flange 68, as indicated in block 92 part "d". The 
controller at this point has y and x coordinates for either picking up the fixture or a carrier 
from the platform 86, or delivery to the platform 86. It is assumed in this case that the z 

30 coordinate is not critical i.e., that the width Wi of the tool 66 opening is dimensioned to allow 
adequate clearance for the width W2 of the flange 68, and ridges 100 and 102 are adequately 
extended to capture the width W2, allowing for the approxnnate coordinates. In this case, the 
ann 64 can be a permanent, fixed position attachment to the module 60. Refenring again to 
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the embodiment with the arm 64 that is moveable in the z direction, the arm 64 can be moved 
to position the detector 76 to sense a z coordinate by positiomng the extended sensor 76 to 
the right (at 104) of the flange 68 as shown in Fig. 3a and then moving the detector 76 until 
the beam 96 intercepts the vertical side surface 106. This is indicated in block 92 part c of 
5 Fig. 2, 

Referring back to block 85, if the fixture has been calibrated in its original position as 
described above, the answer to bloclc 82 is "No" (91). In this case, the fixture is lowered onto 
one of the other locations. The calibration of the y position of the flange of the fixture is 
accomplished when the fixture is fully in place. The position is detected by another optical 

10 sensor (see sensors 140 and 142 of Fig. 4a) by detecting the bottom edge (block 93) of the 
flange- A method of performing this detection will be described in reference to Fig. 4b, 

Upon completing the calibration of a position, the controller then refers to a record 
kept in a controller memory to determine if all locations have been calibrated (block 108). If 
another location needs to be calibrated, the controller directs the robot to pick up the fixture 

15 34 and move it to the next location in need of calibration (block 110), The approximate 
coordinates (block 80) must be sufficiently accurate to allow tlie controller to move the 
fixture to a position just above the dowel pins of the location. An adequate tolerance is 
allowed for by tapering the top of the dowel pins to guide the dowel pin mating feature of a 
sli^tly misplaced fixture down onto the pins of the location. This is illustrated in Fig. 3b 

20 showing two of the fixture 34 holes (1 12 and 1 14) above two of the three tapered dowel pins 
(1 16 and 1 18) of base platform 86. After lowering the fixture onto the dowel pins of the next 
location, the controller backs the tool off of the flange (block 120), placing it again in the 
position as illustrated in Fig. 3a, and the process of block 92 is repeated. The steps of blocks 
92, 108, 110 and 120 are repeated until all of the locations including the shelves 30, location 

25 32, platforms 36 and 38, and tlie shdes 40 and 42 in positions 46 and 48 have all been 
calibrated (block 122). 

Although optical emitter-detectors 76 and 78 were used in the above description to 
illustrate the sensing of the position of the flange 68» the robotic apparatus and controller can 
alternatively be configured to use touch sensing to detect the location of the flange. The 

30 details of touch sensing are described in US. Patent Application Serial No, 90/524,025 filed 
March 13, 2000. Tbe controller in using touch sensing, for example, can drive the arm 64 to 
lower itself in the y direction until an edge 124 contacts the flange surface 88 and then 
records that coordinate. The controller can then move the tool 66 as if engaging the flange 68 
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m. 

and then move the tool in the z direction until, for example, the edge 106 contacts the inner 
side 126 of the tool. The controller can calibrate the x direction by placing the ridge 100 at a 
height that is certain to interfere with tlie flange 68 except for the safe distance as shown in 
Fig. 3 a. The controller then moves the arm 64 toward the flange until the ridge 100 touches 
5 the surface 98 and the touch sensor indicates contact. The controller then uses this sensor 
indication to calculate the x position of the flange 68, From these coordinates, the controller 
can calculate the optnnum position of the tool for engagement with the flange 68 and 
therefore a corresponding flange 70 of a carrier. 

The above description includes calibrating of all three coordinates, or alternatively 
10 two coordinates when tolerances allow. If the tolerance of the "approximate" of the various 
carrier locations are sufficiently accui'ate, it may also be possible to avoid calibration in the y 
vertical direction. The spirit of the present invention includes the automatic calibration of 
either one, two or three coordinates as required to achieve the required accuracy for safe 
positioning of a carrier* 

15 Fig. 3 a also illustrates the robot x-y gantry 52 more clearly. The vertical tracks 54 

and 56 are shown with symbohc drive apparatus 128 and 130 for moving the horizontal ti*ack 
58. The module 60 is also illustrated with apparatus 132 attached for propulsion along the 
horizontal track 58 in the x direction. The details of mechanical construction of the vertical 
and horizontal tracks 54, 56 and 58, the module 60, and arm 64 are not described in detail 

20 because constraction of similar apparatus is well understood by those sldlled in the art. 

Figs. 4a, 4b and 4c are expanded views showing the arm 64 and a flange 68 or 70 for 
illustration of the arrangement and function at the optical emitter detectors 76, 140 and 78, 
and additional emitter detectors as described. 

Fig. 4a shows the arm 64 and a flange which can be either 68 or 70, The tool 66 has 

25 detectors 76 and 78 mounted thereon, The detector 78 is for detecting the y coordinate of 
surface 88, and detector 76 is for detecting the x coordinate of the vertical surface 98 lying in 
the y-z plane, and the z coordinate of the surface 106 lying in the x-y plane. 

Fig. 4a shows an alternate embodiment where emitter-detectors 134 and 136 are 
provided for use in detecting/calibrating a flange 68, 70 in position at 138 near a side 

30 opposite from the side of the tool 66 on which the similar emitter detectors 76 and 78 are 
attached. Emitter-detector 134 is similar to emitter-detector 76, and emitter-detector 136 is 
similar to emitter detector 78, Additional emitter-detectors 140 and 142 are provided, 
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supplying beams 144 and 146 in the z direction for detection of the bottom edge/surface 148 
or 150 of the flanges 68, 70. 

Fig. 4b shows a planar view of the ann 64 and a flange 68 or 70. Three optical 
emitter detectors are shown, and the illustration neglecting symmetry applies in principle to 
5 the detectors on either side of the aim 64, and arc labeled accordingly. The detectors 76, 134 
and 78, 136 are as described in Figs, 3a and 4a. Fig. 4b illustrates more clearly the function 
of detectors 140 and 142 in detecting the bottom surface 148, 150 of the flange 68 or 70, for 
use by the controller in determining the height (y direction) of the flange 68, 70. The 
procedure involves inserting the tool 66 over the flange 68, 70 with the flange in the position 

1 0 indicated by the dashed lines 1 5 L Note fliat the bottom of the flange at 1 52 is above the level 
of the beam 144, 146. The controller then moves the tool 66 upward (y direction) until the 
beam (144, 146) is reflected from the edge of the bottom surface (148, 150) at 152. The 
controller then records the height (H) and is able to calculate the Y coordinate (location) of 
the flange for any other y position of the tool 66 as it is moved to a new location. For 

15 example, the controller is pre-programmed with the dimension "h" from the inner edge of the 
ridge 102 to the beam. The controller then ''knows'' that the flange will move upward to a 
height Y = (height of optical beam) - h, for a optical beam height > H+h. This data is used 
by the controller in guiding the fixture and carriers within the buffer. For example, using this 
data, the controller can calculate when the fixture is free from the dowel pins. 

20 Fig. 4c is a perspective view that illustrates the process of z calibration more clearly. 

The arm 64 is positioned in close proximity to the flange (68, 70) with the detector 76 in the 
area of position 104 to the right of <he flange 68, 70. The arm 64 is then moved in the 
negative z direction until the beam 96 intercepts the edge/surface 106. The controller then 
records the z coordinate. 

25 Although the present invention has been described above in terms of a specific 

embodiment, it is anticipated that altemations and modifications thereof will no doubt 
become apparent to those skilled in the art. It is therefore intended that the following claims 
be mterpreted as covering all such alterations aad modifications as fell within the true spirit 
and scope of the invention. 

30 It is claimed that: 
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CLAIMS 

1 . A wafer carrier storage system comprising: 

a buffer for storing a plurality of wafer carrier, said buffer including 

(a) a plurality of locations, each location for placement of a carrier; 

(b) a robotic appai-atus for moving a selected carrier from a first location to a 
second location, said robotic apparatus including 

(i) a tool apparatus for engagement with a selected carrier; 

(ii) a seoisor apparatus for detecting a precision structure at each said 
location and outputting a corresponding signal; 

(c) a controller for directing operation of said robotic apparatus, said controller 
programmed to perform automatic calibration by directing said robotic 
apparatus for determining precision location data of each said precision 
structure at each said location, and for calculating at least one accurate 
coordinate for use in placement of a carrier on a selected said location. 

2. A storage system as recited in claim 1 wherein 

(a) each said location includes a positioning apparatus for reproduceable location of a 
wafer carrier at said location; and 

(b) said precision structure provides an accurately known position relative to said 
positioning apparatus, 

3. A storage system as recited in claim 2 wherein said controller is further 
programmed to include approximate location data of said positioning 
apparatus at each said location. 

4. A storage system as recited in claim 3 wherein said automatic calibration 
includes using said approximate location data to direct said robotic apparatus 
to move said sensor to a selected carrier storage location and perform said 
detecting. 

5. A storage system as recited in claim 4 wherein said calculating further 
includes calculating said accurate coordinate from said signal, said coordinate 
for directing said robotic apparatus to move a selected carrier from a first 
location to a second location, 

6. A storage system as recited in claim 2 wherein said precision structure is a 
moveable calibration fixture including 

10 
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(a) a fixture base dimensioned to correspond to dimensions of a storage carrier 
base for allowing said fixture to be precisely located on a selected carrier 
storage location relative to said positioning apparatus; and 

(b) a fixture flange precisely attached to and positioned firom said fixture base to 
5 correspond to a position of a corresponding carrier flange positioned in 

reference to said carrier base. 

7. A storage system as recited in claim 2 wherein said precision stmcture is a 
separate structure permanently attached to each said location. 

8. A storage system as recited in claim 2 wherein said positioning apparatus 
1 0 includes at least two dowel pins, 

9. A storage system as recited in claim 8 wherein said precision structure 

includes said at least two dowel pins. 
10* A method of operation of a wafer carrier buffer comprising: 

(a) first programming a controller with approximate coordinates of each of a 
15 plurality of buffer locations, each location having facility for holding a carrier; 

(b) first directing a robotic arm in proxhnity to a said location usiag said 
approximate coordinates; 

(c) second directing a sensor associated with said robotic arm to sense a structure 
associated with said location, said sensor to output a signal indicative of a 

20 position of said structure; 

(d) calculating fix)m said signal, precision coordinates for accurately placing a 
carrier at said location; 

(e) repeating steps b, c and d until coordinates for accurately placing a carrier are 
calculated for all said locations. 

25 11. A method as recited in claim 10 further comprising placing a calibration 

fixture at said location using said robotic arm, said placing using said 
approximate coordinates and said placing performed prior to said first 
directing; 

wherein said calibration fixture has a flange in a position corresponding to a 
30 flange of a carrier; and 

wherein said flange is said structure. 
12. A method as recited in claim 10 further comprising picking up a carrier at a 
first location and placing said carrier in a second location, wherein said 

11 
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placing includes said controller using said precision coordinates to direct a 
tool associated with said ann for engaging said carrier. 

13. A method as recited in claim 10 wherein said sensor is a optical emitter- 
detector, 

14. A method as recited in claun 10 wherein said sensor is a touch sensor. 

15. A storage system as recited in claim 1 wherein said sensor is a optical emitter- 
detector. 

16. A. storage system as recited in claim 1 wherein said sensor is a touch sensor, 

17. A storage system as recited in claim 1 wherein said sensor apparatus detects 
two coordinates of said precision stmcture* 

IS. A storage system as recited claim 1 wherein said sensor apparatus detects 
three coordinates of said precision structure. 

19. A storage system as recited in claim 6 further comprising; 

(a) a fixture height sensor for detecting when said tool engages said fixture 
flange for lifting said fixture; and 

(b) wherein said controller receives a signal fi:om said fixture height sensor 
and calculates a heiglit of said flange as said fixtiu-e is lifted from a rest 
position. 

20. A method as recited in claim 10 further comprising: 

(a) detecting when a tool positionable by said arm engages a carrier flange 
and makes contact with said flange for lifting said carrier; and 

(b) calculating a height of said flange as said carrier is moved in a vertical 
dnection, said calculating being performed by said controller. 
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